In response to increased public concern on antibiotic or herbicide resistance genes usage in genetically modified plants, mannose was evaluated as selectable agent for the genetic transformation of sweetpotato. Nontransformed sweetpotato stem explants of cv. KSP36 were cultured on media containing various combinations and concentrations sucrose and mannose ranging from 0 to 30 g/l. Likewise, efficacy of hygromycin and kanamycin as selection agents for transformation of sweetpotato was evaluated on media containing varying concentrations of antibiotics ranging 0 to 100 mg/l. Selection agent effectiveness was determined by detecting the minimal concentration of the selection agent required to fully inhibit sweetpotato calli growth. Hygromycin was the most effective selection agent as it inhibited cell growth at concentrations above 20 mg/l. Kanamycin was moderately effective as it inhibited cell growth at 60 mg/l. Sweetpotato calli were able to grow and even produce embryos even when mannose was the only source of carbohydrates.
Year 2015 / / Volume -9 / / Issue -3 Sweetpotato (Ipomoea batatas (L.) Lam.) ranks as the seventh most important staple crop in in annual production worldwide and the fifth in developing countries after rice, wheat, maize and cassava (Loebenstein, 2009 ). The crop serves as food, vegetables, animal feed and industrial raw materials for more than 100 countries (Zhang et al., 2009) . In Africa and Asia, thousands of people depend on sweetpotato for food security (Loebenstein, 2009; Zhang et al., 2009) . Conventional breeding methods for sweetpotato improvement sweetpotato is limited by the plant's complicated hexaploidy and low seed production as a consequence of compatibility, sterility and special physiological requirements for flowering (Sihachakr et al., 1997) . As an alternative, genetic transformation provides a powerful tool for genetic manipulation of sweetpotato by efficiently introducing genes of interest for improvement of crop traits or obtaining novel materials for industry. Transformation technologies rely on selectable marker genes, which are co-introduced with the gene of interest to distinguish transformed from non-transformed cells. Most of the transgenic sweetpotato plants have been produced using either neomycin phosphotransferase II (nptII) gene conferring resistance to such as aminoglycoside antibiotics kanamycin, neomycin and geneticin (Luo et al., 2006; Morán et al., 1998; Santa-Maria et al., 2011) , hygromycin phosphotransferase (hph) gene which confers resistance to hygromycin B (Gao et al., 2011; Song et al., 2004) or the bar gene which encodes for phosphinothricin acetyltransferase and confers resistance to herbicides lphosphinotricin, glyphosinate and bialaphos (Otani et al., 2003; Choi et al., 2007) . These negative selection agents significantly reduce the transformation efficiency by compromising recovery of transgenic material under stringent selection conditions. Furthermore, widespread public concern over the presence of antibiotic and herbicide resistance genes in genetically modified products has prompted development of alternative selection procedures. Methods to eliminate selection marker genes from the transformed plants and strategies to avoid selection of transformed cells with antibiotics and herbicides have been developed. Selection marker genes can be eliminated either by segregation of the transgenes in the progeny after co-transformation with separate T-DNAs (not feasible for vegetatively propagated crops such as sweetpotato) or by replacement of the marker genes using site-specific recombination systems (Chong-Pérez and Angenon, 2013 ). An alternative to the antibiotic resistance or herbicide tolerance marker genes is the approach known as based on marker positive selection systems, which are genes that confer to the transgenic cells a metabolic advantage, enhancing their ability to survive in the presence of the selective agent (Joersbo and Okkels, 1996) . Among these positive selection , the marker genes m a n A f r o m E s c h e r i c h i a c o l i c o d i n g f o r t h e phosphomannose isomerase (PMI) enzyme (EC 5.3.1.8) has been developed. PMI enzyme is less ubiquitous in plants. It catalyses the reversible interconversion of mannose-6-phosphate and fructose-6-phosphate . Mannose is a sugar that elicits phytotoxicity after phosphorylation to mannose-6-phosphate following hexokinase catalysis. Mannose-6-phosphate is known to affect growth of plant cells through depletion of the pyrophosphate pool for ATP synthesis, inhibition of phosphoglucose isomerase activity, thus blocking glycolysis, transcriptional repression of genes involved in photosynthesis and the glyoxalate cycle (Jang et al., 1997; Privalle, 2002) , and induction of apoptosis (Stein and Hansen, 1999) . Plant cells transformed with pmi are able to utilize mannose as a carbon source and grow either in the absence of or with the addition of only small amounts of other carbon sources such as glucose or sucrose. Cells genetically transformed to express pmi acquire a growth advantage (positive selection) on mannose-containing media, which makes it a useful selection agent for generation of transgenic plants.
The suitability of the PMI/mannose-based selection system has been proved in a wide range of plant species such cassava (Zhang and Puonti-Kaerlas, 2000) , maize (Negrotto et al., 2000; Reed et al., 2001; Wright et al., 2001) , Arabidopsis (Todd and Tague, 2001) , wheat (Gadaleta et al., 2006; Reed et al., 2001) , barley and watermelon , rice (Lucca et al., 2001) , sweet orange (Boscariol et al., 2003) , hemp (Feeney and Punja, 2003) , pearl millet (O'Kennedy et al., 2004) , tomato (Sigareva et al., 2004) , bentgrass (Fu et al., 2005) , papaya (Zhu et al., 2005) , sorghum (Gao et al., 2005) , almond (Ramesh et al., 2006) , onion (Aswath et al., 2006) , cucumber (He et al., 2006) , Chinese cabbage (Ku et al., 2006; Min et al., 2007) , sugarcane (Jain et al., 2007) , apple (Degenhardt et al., 2007) , plum (Mikhailov et al., 2004) , potato (Brǐź a et al., 2008) , citrus (Ballester et al., 2008) and lettuce (Brǐź a et al., 2010) . There is no literature on the effectiveness of the PMI/mannose selection system on sweetpotato.
The present work reports analysis of PMI/mannose based selection system which is shown to be ineffective for use in selection of transformed sweetpotato. Moreover, we evaluated hygromycin and kanamycin selection agents for their effectiveness in selection of transformed sweetpotato.
MATERIAL AND METHODS

Plant materials and establishment of in vitro plants:
Sweetpotato cv. KSP36 (Ipomoea batatas (L.) Lam.) (kindly provided by Kenya Agricultural Research Institute National Gene Bank n vitro plants ) was used. I were established from stem segments containing the shoot apex and 2 to 3 lateral buds were collected from greenhouse grown plants. All branches and leaves were cut off and the vines were thoroughly washed in running tap water to remove dirt. The vines were surface sterilized with solution containing 50% v/v commercial JIK (Reckitt Benckiser, Nairobi, Kenya) and 0.01% v/v of Tween 20 (Sigma-Aldrich, St. Louis, USA) for 20 minutes. After surface sterilization, the vines were thoroughly rinsed with sterile water and apical meristems were carefully excised from the vines and placed onto sweetpotato propagation (SPM) medium that contained Linsmaier and Skoog (1965) salts and vitamins (LS) supplemented with 30 g/l sucrose and the medium adjusted to pH 5.8 before adding 8 g/l agar followed by autoclaving at 121ºC for 15 minutes under 15 kPa. In vitro sweetpotato plants were incubated in a growth room maintained at 27-28 C, under cool white fluorescent light º -2 -1 at a photon flux density of 60 µmol m s with a 16/8 hour light/dark) The in vitro plants were photoperiod. subcultured by cultivating node sections on a monthly basis and the sterile plants used to supply explants.
Effect of mannose on growth and development of sweetpotato callus:
To ascertain whether mannose had effects on the regeneration of sweetpotato, different mannose concentrations were tested. Internode stem sections of uniform size from three to four week in vitro stock sweetpotato plants were transversely cut into 6-10 mm sections. These sections were then cut in half along the axis and used as explants for callus induction I on callus induction medium (CIM) supplemented with LS salts and vitamins, 30 g/l sucrose, 8 g/l agar, 0.05 mg/l 2,4-dichlorophenoxyacetic acid (2,4-D), keeping the cut surface in contact with the medium for 5-6 days (about 500 mg of explants per Petri dish). To promote the formation of calli II, the explants were transferred to callus formation medium (CFM) supplemented with LS salts and vitamins, 0.2 mg/l zeatin riboside (ZR), 8 g/l agar and various concentrations of mannose as the sole carbon source, or in combination with sucrose, in the following ratios: 0: 30, 5:25, 10:20, 15:15, 20:10, 25:5 and 30 :0 g/l of mannose:sucrose. Sucrose is often used as a carbon source in sweetpotato tissue culture and explants on medium supplemented with 30 g/l was used as control. The calli were transferred onto fresh medium every two weeks for two months. The optimal concentration of mannose for efficient selection of sweetpotato calli against control tissues was determined by weighing tissues prior to subculture and after four subcultures of two weeks duration.
Sensitivity of to antibiotics sweetpotato callus :
To compare the effects of mannose on growth of sweetpotato callus with that of negative selection system used in several sweetpotato transformation studies (Dhir et al., 1998; Gama et al., 1996; Morán et al., 1998; Newell et al., 1995; Otani et al., 1993; Otani et al., 1998; Prakash and Varadarajan, 1992; Santa-Maria et al., 2011; Song et al., 2004) and determine the effectiveness and optimum concentration for use in the selection of transformed cells, effects of kanamycin and hygromycin on sweetpotato explants were evaluated. Sweetpotato stem explants were transferred onto supplemented with CIM 30 g/l sucrose. After 5-6 days, the explants were transferred onto CFM medium supplemented with varying concentrations ; kanamycin or hygromycin 0, 20, 40, 60, 80 and 100 mg/l. Explants on CFM medium without antibiotics was used as the control. Proliferation of calli was used as a measure of selection agent activity and was determined as described by (Dennehey et al., 1994) where the percentages of proliferation (P) for each treatment were calculated as follows: P= (A-B)/(C-D), where A and B were the final and initial number of these calli in the treated medium respectively, C and D were the final and initial weights of calli in the control medium respectively. Growth rate of the control calli was used as a standard. The control was assumed to be 100% proliferation.
DATA ANALYSIS
Statistical analysis for the mean number and weight of c a l l i o n m e d i u m s u p p l e m e n t e d w i t h va r i o u s concentrations of the selection agents and regeneration efficiencies were analysed for significance by ANOVA with mean separation by Tukey's test (P≤0.05). Minitab 13 statistical software (Minitab Inc.) was used.
RESULTS
Effects of mannose on weight calli was attained gradually calli and could only be seen after six weeks of culturing on F9 medium. However, these effects were not significantly different (Table1). The fresh weight of calli ranged from 31.75 g at 5 g/l mannose to 28.77 g at 30 g/l mannose after 8 weeks of culture. Callus weight at the highest concentration of mannose (30 g/l) was 28.77 g, which is 76.63% that of calli on sucrose 30 g/l (36.59 g) after 8 weeks of culture (Table 1) .
In order to evaluate the effect of mannose on callus proliferation, a dose-response curve was made which showed that mannose slightly inhibited callus growth in a dose-dependent manner up to about 30 g/l (Figure 1 ). The proliferation of sweetpotato calli was highest (100%) on media containing only sucrose as the carbon source ( Figure 1 ). Proliferation proportionally decreased with increase in mannose concentration (Figure 1) . However, the decline in proliferation of sweetpotato calli on media containing different concentrations of sucrose:mannose combination did not effectively inhibit the growth sweetpotato calli even on medium containing mannose as the only carbon source, which recorded the least where proliferated rate 68.33% ( Figure 1 ).
All calli on CFM supplemented with different combinations of mannose and sucrose appeared green. (Figure 2) . Some of the calli in all the media combinations of mannose:sucrose developed into embryogenic calli. Embryoids formed on media supplemented with 30 g/l sucrose were larger in size compared to that in the medium supplemented with 30 g/l mannose.
To compare the effect of mannose on growth sweetpotato calli with negative selection agents, the minimal inhibitory concentration of two antibiotics; hygromycin and kanamycin were determined. Hygromycin and kanamycin were better selective agents for sweetpotato calli than mannose. Hygromycin and kanamycin effectively killed sweetpotato calli from 20 and 60 mg/l respectively indicating that sweetpotato is susceptible to both selective agents although with different susceptibility rate (Figure 3) . Sweetpotato calli on CFM medium supplemented with hygromycin also showed that at a concentration as low as 20 mg/l, almost 80% of the calli failed to survive. At concentration of 40 mg/l of hygromycin, all calli turned brown and died. At a higher concentration, the calli became dark brown and started drying (Figure 2) . Total browning and drying are indicators of extensive cell death. In contrast, kanamycin induced only slight browning of the tissues at high concentrations above 60 mg/l (Figure 3) .
The applicability of a selection system for the regeneration of transgenic plants relies on the growthinhibiting effect of the selective agent on untransformed plant tissue. Tissue culture experiments with sweetpotato calli shown that growth was not arrested in the presence of mannose, confirming the ability of sweetpotato to utilize mannose as a carbon source. 
DISCUSSION
Numerous studies carried out in various plant species have proved the suitability of the PMI/mannose-based strategy for selection of transgenic cells during gene transfer. There is no data concerning long-term evaluation of the mannose effect on sweetpotato tissues and no gene transfer experiments leading to molecular analysis of regenerated plants selected using PMI/mannose selection system has been reported. Mannose is a carbohydrate which many plant species are unable to metabolize. The synthesis of mannose-6-phosphate results in the sequestration of cellular phosphate required for a large number of critical cellular functions. This phosphate sequestration serves as a basis for the use of mannose in non-antibiotic-based selections for the production of transgenic plants. Selection with mannose in many plants is possible because plant growth, growth of embryogenic calli, germination, or shoot formation is severely inhibited by mannose (Lucca et al., 2001; Negrotto et al., 2000; Todd and Tague, 2001) .
Results of this study show that sweetpotato calli were able to grow and to produce embryos even when mannose was the only carbohydrate source. Our results suggest that phosphorylation of mannose by hexokinases is not lethal for sweetpotato cells. The non-toxicity of mannose can be explained by the three following hypotheses. First, sweetpotato cells may express high PMI activity. Vitrac et al., (2000) suggested the presence of a PMI activity in grapes. No toxicity was observed for cells of this plant in the presence of 18 g/l mannose. Furthermore, PMI expression in "non-mannitol plants" is quite variable. While mannose is quite toxic to the growth of plants such as maize and wheat (Wright et al., 2001) feeding mannose to leaves of tobacco caused minimal metabolic impairment (Edwards and Walker, 1983) . This indicates that tobacco must be capable for at least limited mannose metabolism; further it can be suggested that tobacco cell suspension cultures are able to grow, even if slowly, on mannose as the sole carbohydrate source (Edwards and Walker, 1983) . The second hypothesis is that we selected by mannose toxicity mutant cells with increased PMI activity, as was reported for tobacco (Barb et al., 2003) . A third possibility is that the decrease in available phosphate resulting from the sequestration of the cellular phosphate could be compensated by the phosphate present in the medium we used to grow our grapevine calli and cells (Kieffer et al., 2004) .
The applicability of a selection system for the regeneration of transgenic plants relies on the growthinhibiting effect of the selective agent on untransformed plant tissue. Under our research conditions, mannose was not toxic to sweetpotato calli. Regeneration experiments with sweetpotato calli shown that growth was not arrested in the presence of mannose, confirming the ability of sweetpotato to utilize mannose as a carbon source. Grown observed in sweetpotato calli grown on mannose containing medium was presumably due to plant cells having endogenous PMI or there being nonspecific inhibitory effect of mannose. (Dekeyser et al., 1989) .
Sensitivity of sweetpotato calli selection by antibiotics showed that the most effective selection agent for sweetpotato calli is hygromycin. On the other hand, kanamycin was found to be a mild selection agent. This finding is consistent with most of the published data on selection agents used to produce transgenic sweetpotato plants (Song et al., 2004; Luo et al., 2006) . The finding that kanamycin is a mild effective selective agent for sweetpotato is in agreement with a number of published reports on the development transgenic sweetpotato plants (Luo et al., 2006; Santa-Maria et al., 2011; Song et al., 2004) . Kanamycin has been reported to be a poor selective agent for some crops, as high concentrations are required to be effective. It was postulated that the high endogenous resistance to kanamycin in some dicots might be due to inability of kanamycin to be transported through the cell wall. Therefore, kanamycin may be more effective if applied to protoplasts before the production of a cell wall (Wilmink and Dons, 1993) . Zhang et al. (1988) suggested that the stage of cell growth, concentration of selective agent and exposure period needed to be determined prior to the use of kanamycin as a selection agent. The use of kanamycin as a selective agent for embryo culture of white spruce caused inhibition of somatic embryo development (Bommineni et al., 1993) , inhibition of regeneration of rice calli (Zhang et al., 1988) and sweetpotato calli (Santa-Maria et al., 2011) . Long term selection on kanamycin also caused inhibition of plantlet growth in rice (Dekeyser et al., 1989) and dendrobium orchid (Kuehnle and Sugii, 1992) . Reports by (Van Boxtel et al., 1997) and (Raza et al., 2010) on coffee and sugarcane, respectively, indicates that sensitivity to chlorsulfuron, gluphosinate, glyphosate, hygromycin, kanamycin and geneticin as selective agents was genotype dependent. Therefore, efficacy and optimization of selective agents should be evaluated prior to transformation of any crop plant and possibly cultivar.
In conclusion, the evaluation on the effectiveness of mannose, hygromycin and kanamycin as selection agents for sweetpotato transformation were successfully carried out. The results indicated that hygromycin was the most effective selection agent as it could inhibit the growth of sweetpotato calli at a very low concentration. Kanamycin was less effective as it required 60 mg/l of the selection agent for inhibiting the growth of the sweetpotato cells. Finally, mannose could not arrest the growth of sweetpotato calli. Therefore, it cannot be used as selectable agent for the transformation of sweetpotato. This information therefore provides a platform for biotechnologists to investigate other positive selection systems that may produce transgenic sweetpotato plants without using antibiotic agents as selectable markers.
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